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Development of Chemical Analysis Techniques 
for 

Advanced Materials Research Program 

I. SUMMARY 

The past three months of this study, aimed at the development of 

reliable analytical techniques, have been devoted almost exclusively to 

mass-spectrographic analysis. 

first quarter, a joint decision was reached by JPL and SRRC personnel to 

employ spark-source mass spectrography for JPL problems wherever possible. 

After an extensive literature survey in the 

The use of mass spectrography for impurity analysis in metal sys- 

tems is a well-accepted technique. However, this technique has not been 

widely used for the analysis of nonconductors, such as MgO, or for the 

analysis of gases, of which two applications would be fruitful if they 

could be brought to bear on JPL materials. Thus, a great deal of effort 

has been expended during this period in an attempt to use the mass spectro- 

graph for these two purposes. 

In order to evaluate the effectiveness of these procedures, we 

have been using standard samples and techniques to check mass-spectrograph 

results. 

which are certified for gas content, but we have been able to obtain metal 

standards from NBS which contain known amounts of nitrogen, oxygen, and 

carbon, 

We have been unable to find standard refractory oxide materials 

These have been run successfully. 

The emission spectrograph is being used as a check method for 

impurity analyses, Preliminary results here indicate that standard arc 

techniques will not give reliable results at the low sensitivity required 



f o r  some i m p u r i t y  a n a l y s e s .  The  major i m p u r i t i e s ,  such as calcium ana alumi- 

num, have g iven  good checks on mass-spectrograph r e su l t s ,  b u t  elements p r e s e n t  

i n  t h e  1-20 ppm range w i l l  r e q u i r e  a more r e f i n e d  t echn ique .  I n  o r d e r  t o  

o b t a i n  b e t t e r  s e n s i t i v i t y  and r easonab le  accuracy,  we w i l l  t r y  t o  use  a s o l u -  

t i o n  t echn ique  f o r  i m p u r i t i e s  p re sen t  a t  low c o n c e n t r a t i o n .  

The one a n a l y s i s  which appa ren t ly  cannot be handled s a t i s f a c t o r i l y  

by t h e  mass spec t rog raph  i s  t h a t  f o r  hydrogen. We have made numerous a t t e m p t s  

t o  ana lyze  both me ta l s  and nonconductors f o r  hydrogen c o n t e n t ,  b u t  the 

r e s u l t s  do n o t  appear r e l i a b l e .  The most probable  cause  of t r o u b l e  he re  

i s  i n  t h e  i n s t r u m e n t  i t s e l f .  The magnet pole  p i e c e s  and t h e  e l e c t r o s t a t i c  

s e c t o r s  a r e  massive s t e e l  which have been f i r e d  i n  hydrogen. This  l e a d s  t o  

a p e r s i s t e n t l y  high hydrogen background - over 600-800 ppm a s  compared t o  

about 1 ppm f o r  oxygen or  n i t r o g e n ,  However, t h e r e  i s  a r a p i d  and r e l i a b l e  

method f o r  hydrogen which we w i l l  u s e ( h o t - e x t r a c t i o n  t e c h n i q u e ) ,  which w i l l  

be more f u l l y  desc r ibed  i n  t h e  next s e c t i o n .  

D e t a i l s  of the problems mentioned above a r e  g iven  i n  t h e  next 

s e c t i o n .  

13.. ACTIVITY DURING THE REPORTING PERIOD 

A. Ana lys i s  of I n t e r s t i t i a l s  

The a n a l y t i c a l  c o n d i t i o n s  f o r  t h e  de t e rmina t ion  of carbon,  

n i t r o g e n ,  and oxygen by mass spec t rography have been de termined ,  and we 

a r e  now ana lyz ing  t h e s e  elements r o u t i n e l y .  

Experimental  work  on t h e  development of t h i s  t echn ique  has been 

d i v i d e d  i n t o  t h r e e  p a r t s :  f i r s t ,  the e f f e c t s  of e t c h i n g ;  second, baking;  

and t h i r d ,  an e v a l u a t i o n  of t h e  ins t rument  blank l e v e l .  
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1. The most obvious sou rce  of ex t r aneous  n i t r o g e n ,  oxygen, o r  

carbon i s  s u r f a c e  contaminat ion of the sample. 

handled,  c u t  w i t h  t o o l s ,  o r  packaged i n  improper c o n t a i n e r s ,  t h i s  h i s t o r y  

w i l l  be c l e a r l y  shown i n  t h e  a n a l y s i s .  

w h i c h  w i l l  remove these contaminated s u r f a c e  l a y e r s  i s  i n d i c a t e d .  Chemical 

e t c h i n g  and e l e c t r i c a l  c l e a n i n g  a r e  t h e  most commonly used methods. 

Unfo r tuna te ly ,  the geometry o f  the source a r e a  of t h e  mass spec t rog raph  

p r o h i b i t s  t he  use of i o n  o r  e l e c t r o n  bombardment c l e a n i n g  unless e x t e n s i v e  

m o d i f i c a t i o n s  are  made, Experience of o t h e r  l a b o r a t o r i e s ,  where the  

m o d i f i c a t i o n s  necessary f o r  t h e  i n s t a l l a t i o n  of  i on  bombardment c l e a n i n g  

have been made, i n d i c a t e s  t h a t  t h e  method i s  u n s a t i s f a c t o r y  even w i t h  

ano the r  p r o v i s i o n  f o r  r o t a t i o n  of  t h e  sample. 

I f  t he  sample has  been 

T h e r e f o r e ,  some c l e a n i n g  procedure 

Chemical e t c h i n g  was i n v e s t i g a t e d  and has proved q u i t e  s a t i s -  

f a c t o r y .  High-puri ty  " T r a n s i s t  AR"-grade a c i d s  were used throughout  these 

experiments  and a l l  e t c h i n g  was done i n  Te f lon  beakers  t o  reduce contamin- 

a t i o n  from l e a c h i n g  of g l a s s  beake r s .  

A t  f i r s t  i t  was f e a r e d  t h a t  any o x i d i z i n g  a c i d ,  such a s  H N 0 3 ,  

would be  u n s u i t a b l e  because of the formation o f  s u r f a c e  ox ide  l a y e r s .  

However, we have been a b l e  t o  avoid t h i s  d i f f i c u l t y  by e x t e n s i v e  prespark-  

i n g  of  the samples.  To e v a l u a t e  t h i s  problem, two s t e e l  samples ( N B S  1042 

and 1045) were etched i n  HNO 

v a r y i n g  l e n g t h s  of p re spa rk ing .  I t  was found t h a t  a 3 X coulomb 

exposure c l e a n s  away any oxide l a y e r  and al lows a n a l y s i s  of t h e  bulk 

m a t e r i a l .  

and t h e n  run on the mass spec t rog raph  w i t h  3 

Experiments u s i n g  HF, HC1, and H SO were a l s o  performed and 2 4  

s imi l a r  r e s u l t s  were ob ta ined .  A prespark exposure of from 3 x t o  
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1 x coulombs was adequate  i n  a l l  ca ses  t o  a l low a n a l y s i s  of inter- 

s t i t i a l s  i n  t h e  bulk of the sample,  

2. Baking of t he  sample a f t e r  i t  has been placed i n  the source 

i s  necessary because the  w a l l s  of the source can c o n t r i b u t e  m a t e r i a l  t o  

i n t e r f e re  w i t h  these a n a l y s e s .  

Normal baking of t he  MS-7 source i s  a somewhat q u e s t i o n a b l e  

procedure s i n c e  i t  exposes  the sample and the source  t o  o i l  from the d i f -  

f u s i o n  and rough pumps. The p h y s i c a l  arrangement o f  the pumping system 

a l lows  t h e  vapor from the pumps free access  t o  t h e  s o u r c e ,  

Spe r ry  MS-7 i s  ion-pumped and we have a much s m a l l e r  background than o i l -  

pumped systems.  Baking reduces the c o n t r i b u t i o n  from m a t e r i a l  adsorbed 

on t h e  sample du r ing  e t c h i n g  and r i n s i n g ,  as well a s  making a major  reduc- 

t i o n  i n  i n t e r f e r e n c e s  from the  walls of the source  chamber. 

However, the  

The procedure f o r  e v a l u a t i n g  the e f f e c t i v e n e s s  of the baking 

s t e p  was s i m i l a r  t o  t h a t  used f o r  e t c h i n g  procedures .  

and loaded i n t o  the instrument. The most economical method was t o  load  a 

fresh sample i n  t h e  l a t e  a f t e r n o o n  and bake f o r  twelve hour s ,  a f t e r  w h i c h  

a timer cu t  o f f  power t o  the h e a t i n g  bands. 

was c o o l  enough t o  run i n  t h e  morning. 

Samples were e t ched  

I n  t h i s  manner, the  s o u r c e  

Baking t empera tu res  were obtained by p l a c i n g  a maximum read ing  

thermometer i n  the s o u r c e  p r i o r  t o  baking and r e a d i n g  the maximum tempera- 

t u re  a f t e r  the sample had been r u n ,  

used s o  f a r  i s  20OoC. 

over  25OOC. 

The h i g h e s t  baking t empera tu re  we have 

I t  i s  not  l i k e l y  t h a t  we can i n c r e a s e  t h i s  t o  much 

3 .  E v a l u a t i o n  of the instrument blank level  i s  d i f f i c u l t ,  b u t  

we have been a b l e  t o  make an educated guess  by running some i n e r t  m a t e r i a l s .  
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Gold was analyzed e x t e n s i v e l y  f o r  n i t rogen  and oxygen, s i n c e  t h i s  m a t e r i a l  

seemed t o  be l ea s t  l i k e l y  t o  form an oxide o r  n i t r i d e  o r  t o  c o n t a i n  any 

s i g n i f i c a n t  amounts of d i s s o l v e d  g a s .  

and on ly  s l i g h t l y  less  t r u e  f o r  n i t r o g e n .  

v a l u e  f o r  a series of f o u r  r u n s  was 0 .7  ppm atomic.  

n i t r o g e n  v a l u e  was 1.0 ppm atomic.  

0.3 ppma f o r  oxygen and 0 - 8  ppma f o r  n i t rogen .  

f o r  the me ta l  i t s e l f  and c e r t a i n  m a t e r i a l ,  such a s  CdS, may indeed show 

a much s m a l l e r  g a s  b l ank .  

T h i s  a p p a r e n t l y  i s  t rue f o r  oxygen 

The average appa ren t  oxygen 

The co r re spond ing  

We have not s een  any v a l u e s  lower than  

These may r e p r e s e n t  v a l u e s  

The  t echn ique  we have evolved f o r  ana lyz ing  i n t e r s t i t i a l s  i s  a s  

f o l l o w s :  F i r s t ,  the  sample i s  e t ched  i n  h i g h - p u r i t y ,  s t r o n g  a c i d ,  s u f f i -  

c ien t  t o  remove a p p r e c i a b l e  m a t e r i a l  from t h e  s u r f a c e ,  fol lowed by copious 

r i n s i n g  i n  d i s t i l l e d  water. I t  i s  t h e n  placed i n  the mass spec t rog raph  

w h i l e  s t i l l  wet, pumped, and baked a t  2OO0C, f o r  a t  least  twelve hours .  

Then a long ,  prespark exposure ( 3  x 10 t o  1 x coulombs) i s  made t o  

remove adhe ren t  oxide and adsorbed gases  F i n a l l y ,  the a n a l y t i c a l  exposures  

are  t aken  i n  r e v e r s e  o r d e r ,  t h a t  i s ,  the l o n g e s t  exposures  are taken f i r s t .  

S t u d i e s  a t  Bat te l le  and G .  E .  Research Laboratory i n d i c a t e  t h a t  i f  a sample 

i s  hea ted  and t h e n  coo led  i n  the mass-spectrograph s o u r c e  i t  w i l l  re-adsorb 

a p p r e c i a b l e  q u a n t i t i e s  of g a s .  

spark exposure and t h e n  doing t h e  longes t  a n a l y t i c a l  exposure f i r s t ,  fol lowed 

by s h o r t e r  exposures ,  t h i s  tendency t o  r e -adso rp t ion  i s  kep t  t o  a m i n i m u m .  

-0 

By keeping the sample ho t  w i t h  a long pre- 

The gases  w h i c h  a r e  evolved from the s o u r c e  chamber have been 

examined i n  s e v e r a l  l a b o r a t o r i e s  w i t h  p a r t i a l  p r e s s u r e  a n a l y z e r s ,  These 

r e s i d u a l  g a s e s  have been i d e n t i f i e d  as hydrogen, methane, w a t e r  vapor ,  

n i t r o g e n ,  carbon monoxide, and carbon d i o x i d e .  Attempts t o  remove o r  reduce 
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t h e  l e v e l  of t h e s e  gases  met w i t h  f a i l u r e .  

of t h e s e  gases  w i t h i n  t he  in s t rumen t .  

Apparent ly  t h e r e  i s  a source  

The r e s u l t s  of our s t a n d a r d i z a t i o n  w i t h  NBS m a t e r i a l s  a r e  shown 

below. 

s tandard  

Also included a r e  t h e  r e s u l t s  of oxygen ana lyses  o n  an AEC z i r c a l o y  

Table  1. Gas ana lyses  on s tandard  m a t e r i a l s .  

NI3S 1042 

NBS 1045 

K 1 8  z i r c a l o y  

OXY gen 

170 

average 

70 

average 

1120 

average 

ppm(weight 1 
Oxygen Nitrogen 
found 

240 140 
200 
160 
310 
330 
160 
233 

140 
110 
90 

135 
80 

115 
95 

1250 
1050 
980 
900 
900 
880 
990 

40 

Nitrogen 
found 

250 
200 
250 
150 
180 
110 
190 

35 
60 
50 
55 
35 
45 
47 

The accuracy  and p r e c i s i o n  of t h e s e  ana lyses  appear q u i t e  a c c e p t a b l e .  

Each of t h e s e  m a t e r i a l s  has been checked f o r  oxygen con ten t  by i n e r t  gas 

f u s i o n  and good agreement w i t h  t h e  accepted va lue  has  been ob ta ined .  

The e f f e c t  of va r ious  e t c h a n t s  on t h e  carbon a n a l y s i s  i s  neg l i -  

g i b l e ,  Two h igh -a l loy  NBS s t e e l  samples were i n v e s t i g a t e d  w i t h  t h e  r e s u l t s  

shown i n  Table  2. 
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Tab le  2 ,  Carbon a n a l y s i s  by mass spec t rog raphy .  

(ppm weight 1 
C C found - 

NBS 101 e 540 710 
600 
590 
620 
590 

average 620 

NBS 1042 1000 1200 
1200 
1350 
1400 
1250 

average 1300 

Baking and p respa rk ing  were used, a s  i n  n i t r o g e n  and oxygen 

a n a l y s e s ,  and no e f f e c t s  were seen  w i t h  v a r i a t i o n s  i n  t h e  e t c h a n t .  

B. I m p u r i t y  Analyses 

I m p u r i t y  a n a l y s e s  are being performed on two ba tches  of MgO 

powder and a group of compacts which have been prepared by p r e s s i n g  the 

two powdered m a t e r i a l s .  We have had some unexpected d i f f i c u l t i e s  w i t h  

the resul ts  of these ana lyses ,  and we a r e  t r y i n g  t o  f i n d  t h e  r e a s o n s  f o r  

these problems. 

B r i e f l y ,  good checks were obtained w i t h  one ba t ch  o f  powder 

(M-300) b u t  t h e  o t h e r  powder ( J P L - 8 )  appears  t o  have a h i g h e r  i m p u r i t y  

c o n t e n t .  Tab le  3 shows the r e su l t s  of t h e  f i r s t  a n a l y s e s  on these powders 

w h i c h  were o b t a i n e d  by mixing w i t h  pure s i l v e r  powder and p r e s s i n g  t o  form 

e l e c t r o d e s .  

The high v a l u e  f o r  f l u o r i n e  seen i n  the JPL sample may be  

a t t r i b u t e d  t o  t he  f a c t  t h a t  t h i s  a n a l y s i s  was performed on an unbaked 

sample.  The re  i s  a l a r g e  difference (up t o  a f a c t o r  of 100 i n  some c a s e s )  
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i n  the appa ren t  c o n c e n t r a t i o n  of c e r t a i n  i m p u r i t i e s  b e f o r e  and a f t e r  baking. 

Peaks w h i c h  show t h i s  e f f e c t  i n c l u d e  FC(19),  O H + ( 1 7 ) ,  H20+(18), and 

Cl'(35 and 37). 

q u i t e  s t r i k i n g .  Tne f l u o r i n e  peak i n  JPL M3 i s  s u c c e s s i v e l y  reduced by baking 

u n t i l  i t  l e v e l s  o f f  a t  180 ppma. 

these v o l a t i l e  i m p u r i t i e s  t o  a m i n i m u m .  

The e f fec ts  of  baking o n  t h e  h e i g h t  of  these peaks i s  

Baking a t  2OO0C i s  s u f f i c i e n t  t o  reduce 

Tab le  3 ,  A n a l y t i c a l  r e s u l t s  on powdered MgO, 
(ppm atomic) 

JPL F i s h e r  M-300 

B 
N 
F 
Na 
A 1  
S i  
P 
S 
c1 
K 
Ca 
Ti 
C r  
Mn 
Fe 
N i  
co 
Zn 

< 1  
no va lue  
3000 
< 3  
4 70 

1700 
38 

360 
5 70 
60 

150 
- 
2" 
2" 
45 
10 
12 
15 

3 
90 

100 
90 
85 

2800 
110 
5 20 
310 

1 50 
13 

- 

5" 
3" 

100 
10 
13 
15 

* Probab le  d i e  contaminat ion 

The o r i g i n a l  MgO-silver compact has been re-examined s e v e r a l  

times w i t h  and without  baking and the  resul ts  a r e  c o n s i s t e n t  and some 

r e d u c t i o n  o f  t h e  v o l a t i l e  i m p u r i t i e s  i s  noted a f t e r  baking. Apparent ly  

t h i s  p a r t i c u l a r  compact picked up higher  impur i ty  levels  from t h e  d i e  

t h a n  we normally a n t i c i p a t e .  We have made s e v e r a l  new compacts w i t h  t h i s  

sample and i t  i s  being analyzed aga in .  P r e l i m i n a r y  resu l t s  i n d i c a t e  t h a t  
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a t  l e a s t  some of t h e  va lues  p rev ious ly  r epor t ed  a r e  i n  e r r o r .  

t h e  aluminum con ten t  i n  t h e  new compacts i s  about 30 ppm by we igh t ,  and we 

have an e x c e l l e n t  check by emission spec t roscopy which g ives  a va lue  of 

50 ppm. 

For  example, 

These ana lyses  w i l l  be completed s h o r t l y .  

Two problems have a r i s e n  i n  the  a n a l y s i s  of t h e  blg0 compacts. 

Using t h e  technique  r epor t ed  by Socha and Leipold f o r  i n s u l a t i n g  powders, 

one d i f f i c u l t y  l i e s  i n  t h e  uncon t ro l l ed  amount of gold from t h e  c o u n t e r  

e l e c t r o d e  appear ing  i n  t h e  spectrum, 

A .  J .  Socha s t a t e d  t h a t  he had been ab le  t o  l i m i t  t h e  g o l d  t o  5% of t h e  

t o t a l  i o n  c u r r e n t .  

t h i s  work .  

A p r i v a t e  communication from 

This  would be i d e a l  and we a r e  t r y i n g  t o  d u p l i c a t e  

The second problem which we have encountered i s  concerned w i t h  

a l a r g e  hydrocarbon i m p u r i t y  i n  t h e  compacted samples.  This  may be due 

t o  t h e  p l a s t i c  v i a l s  which h o l d  t he  samples. We have seen hydrocarbons 

w i t h  masses 200 and above whose presence makes p l a t e  i n t e r p r e t a t i o n  

extremely complex, Severe baking reduces t h e s e  l i n e s  b u t  s e v e r a l  baking 

c y c l e s  a r e  necessary  and t ime consuming. 

have been r eques t ed .  

New samples packaged i n  g l a s s  

I n  g e n e r a l ,  i t  appears  t h a t  any a n a l y s i s  i n  which a f o r e i g n  

m a t e r i a l  i s  inc luded  w i l l  be open t o  ques t ion .  We have now seen t h i s  i n  

MgO-silver compacts, p ressed  MgO-gold a n a l y s e s ,  and a l s o  i n  n i o b i u m  

ana lyses  where t h e  samples were mounted i n  aluminum h o l d e r s ,  I n  a l l  

t h e s e  c a s e s  t h e  meta l  i s  of h i g h  p u r i t y ,  b u t  s i n c e  i t  i s  d i f f i c u l t  t o  

c o n t r o l  t h e  amount of f o r e i g n  metal  which appears  i n  t h e  spectrum, i t  i s  

d i f f i c u l t  t o  s e p a r a t e  t h e  i m p u r i t i e s  i n  t h e  sample from t h e  i m p u r i t i e s  i n  

t h e  m e t a l .  I t  i s  a l s o  p o s s i b l e  f o r  ho lders  o r  c o u n t e r e l e c t r o d e s  t o  hea t  
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up and emit thermal ions such as sodium, potassium, and calcium. 

The ideal solution wouldbe todrawa spark between two pieces of 

MgO. 

trying with MgO. 

become incandescent and then a spark in initiated. 

started it is possible to reduce the spark voltage to a reasonable value. 

The key to the spark initiation may be volatilization or decomposition of 

the sample. 

We have had success with this technique on CaW04 and it may be worth 

If very high spark voltages are used, the electrodes 

After the spark has 

We will try the technique in the near future. 

C. Mass Spectrographic Check Analyses 

We have been concentrating on an emission spectrographic method 

to check mass-spectrographic impurity analyses. First attempts at emis- 

sion analyses revealed that standard arc techniques will not give suf- 

ficient sensitivity to check impurities in the 1-20 ppm range. 

confirmations on the level of such elements as iron, calcium, and aluminum, 

as shown in Table 4 .  These checks are in good agreement principally 

because the emission method has adequate sensitivity for these particular 

elements. On the other hand, our present procedure seems totally inadequate 

for silicon. Examination of several plates would indicate a silicon con- 

centration of well under 1 ppm by weight. The mass spectrograph analyses 

show appreciable quantities of silicon (cy 100 ppm), SO it is obvious that 

the silicon is not being excited in the dc arc. 

error appears to be in the relatively cool arc which results from the burn- 

ing MgO. Sufficient temperatures to excite the silicon are not generated 

and another technique is indicated. 

We have 

The cause of this type of 
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Table 4. Comparison of mass and emission spectrographic 
results for certain elements in MgO 

Sample OP125 
A1 
Ca 
Fe 
cu 

0~141 
A1 
Ca 
Fe 
c u  

Mass (ppm wt.) 
30 
110 

6 
13 

20 
70 
3 
15 

Emission (ppm wt.) 
50 
85 

< 10 
10 

50 
90 

< 10 
10 

We are starting to evaluate a solution method for emission 

analyses which should solve our problems in this area. These problems 

have included inadequate sensitivity and enhancement of the magnesium 

lines which preclude their use as internal standards. The method we are 

evaluating is a graphite spark method developed by Morris and Pink (ASTM 

Special Technical Publication No. 221) which has excellent sensitivity. 

The method was originally developed for impurities in semiconductors and 

seems easily adaptable to MgO. 

to the solution and this will solve our other problem. 

Internal standards may be added directly 

The procedure involves dissolution of the sample in acid which 

has been previously analyzed for impurities, An internal standard is 

added (probably molybdenum) and the solution is then dried on a graphite 

electrode. 

trum is recorded in the normal manner. We feel confident that this tech- 

The electrode is sparked with a low-energy spark and the spec- 

nique will solve our sensitivity problems for emission analyses. 
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I 
I 

S e v e r a l  checks on t h e  oxygen c o n t e n t  of the NBS gas  s t a n d a r d s  

have been made by the iner t  g a s  f u s i o n  t echn ique .  S i n c e  t h i s  m a t e r i a l  has 

been e x t e n s i v e l y  analyzed by NEiS, by a v a r i e t y  of methods, we d i d  not f e e l  

t h a t  any g r e a t  e f f o r t  should be expended on t h i s  a s p e c t  of t he  problem. 

However, we have made two checks on each of the  samples,  and we a re  i n  

e x c e l l e n t  agreement.  Our answers were w i t h i n  25% of the s t a t e d  v a l u e s .  

D .  Hydrogen Ana lys i s  

A h o t - e x t r a c t i o n  vacuum system has been c o n s t r u c t e d  f o r  t he  

d e t e r m i n a t i o n  of hydrogen. 

sample and c o l l e c t i o n  of the gas  d r iven  o f f .  T h i s  gas  w i l l  t hen  be t r a n s -  

ferred t o  a known volume and the p r e s s u r e  measured t o  determine the amount 

of hydrogen i n  the sample. 

hot  copper  t o  conve r t  any wa te r  vapor  present t o  hydrogen. S i n c e  the 

method i n v o l v e s  h e a t i n g  the sample i n  a s t a t i c  vacuum, the  system m u s t  be 

l e a k - t i g h t .  Any a i r  leakage du r ing  t h e  a n a l y s i s  w i l l  l e a d  t o  e r r o n e o u s l y  

high v a l u e s .  

r a t e  of the system. A number o f  l a r g e  leaks were encountered when  t he  

system was f i r s t  b u i l t .  A t  present we a re  t r y i n g  t o  l o c a t e  one o r  two 

s m a l l e r  l e a k s .  

A t  p r e s e n t  t h e  d e s i g n  c a l l s  f o r  h e a t i n g  of a 

We p lan  t o  add a s e c t i o n  w h i c h  w i l l  c o n t a i n  

We have encountered some d i f f i c u l t y  i n  reducing the leak- 

111, PLANS FOR NEXT QUARTER 

P l a n s  f o r  the next q u a r t e r  i nvo lve  a c o n t i n u a t i o n  of our e f f o r t  

t o  c l ea r  up problems r e l a t i n g  t o  t he  a n a l y s i s  of MgO, both a s  powder and 

a s  p re s sed  compacts. 

be i n v e s t i g a t e d  i n  t h e  c a s e  of JPL #8 MgO. 

wire i s  a v a i l a b l e  f o r  u se  as a counter  e l e c t r o d e  i n  these a n a l y s e s .  

Contamination from both the b i n d e r  and t h e  d i e  w i l l  

A q u a n t i t y  of h igh -pur i ty  go ld  
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We w i l l  a l s o  e v a l u a t e  the  s o l u t i o n  t echn ique  of Morris and  Pink 

f o r  emission s p e c t r o g r a p h i c  a n a l y s i s  f o r  t r a c e  impur i t ies  i n  MgO powders. 

Th i s  method should g i v e  us t he  r equ i r ed  s e n s i t i v i t y  and accuracy,  

The h o t - e x t r a c t i o n  hydrogen system w i l l  be  leak checked and we 

should have a n a l y t i c a l  d a t a  from t h i s  system s h o r t l y .  

I V  OTHER ACTIVITIES 

A t r i p  was made t o  S t ,  Louis t o  a t t e n d  the ASTM meet ing on mass 

spec t rog raphy ,  We were a b l e  t o  t a l k  t o  Mr. A .  J .  Socha of Bell  and Howell 

i n  r e g a r d  t o  h i s  method f o r  ana lyz ing  nonconducting powder compacts. We 

a l s o  took p a r t  i n  a panel d i s c u s s i o n  concerning the  a n a l y s i s  of g a s e s  by 

spark-source instruments.  

A ser ies  o f  niobium and copper a n a l y s e s  were a l s o  performed dur ing  

t h i s  pe r iod  and the resu l t s  a r e  appended. 
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. 

MRC - ANN 

Nb 

B - 90 
F - 880 

ylg - 2700 
Na - 320 

A1 - holder rnat ' l .  
S i  - 8000 
c1 - 1200 

K - 1800 
Ca - 600 
Fe - 820 
CU - 60 
W O  - 14 
Ta - 11 

H - 1200 
c - 210 
N -  8 
0 - 170 

157 - 72 

c u  
B -  5 

Mg - 3 
A 1  - 10 
S i  - 30 

P -  3 
s -  5 

K -  8 

F - 5 etch 

C1 - 15 etch 

Ca - 20 
Fe - 10 
Ag - 18 

c - 110 
N - 75 
0 - 95 

157 - 73 

cu 
A 1  - 25 
Si - 30 
Fe - 1 
Ag - 1 

C - 90 
N -  5 
0 - 12 

MRC - UA 

Nb 

6 -  1 
F -  5 

Mg - 3 
A1 - 290 
S i  - 350 
s -  5 

c1 - 7 
K -  2 

Ca - 130 
C r  - 3 
Fe - 30 
Z r  - 60 

Ta - 35 
10 - 15 

H - 3800 
C - 480 
N -  5 
0 - 19 

157 - 74 

cu  
Si - 10 
Fe - 0 
Ga - possible a t  - 2 ppma 
Ag - 20 

C - 25 
N -  5 
0 - 30 

157 - 69 

cu  
A 1  - 1 
Si - 7 

P - < l  
s - < l  
K -  1 

C1 - 1 etch 3 

Fe - 2 
Ag - 2 
c - 75 
N - 10 
0 - 15 

157 - 77 

c u  
B -  
F -  

Na - 
A 1  - 
c1 - 
K -  

Si - 
C -  
N -  
0 -  

1 
300 etch 

1.5 
2 

1100 etch 3 
6 

10 
70 
10 
30 
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